Background: Thoracic epidural anesthesia is frequently used to maintain intraoperative and postoperative analgesia. Frequently, 3 ml of local anesthetic is used as a test dose, or for intermittent epidural injection. We assessed the extent of the spread of 3 ml of contrast medium in the thoracic epidural space and attempted to identify any correlating factors affecting the epidurography.
INTRODUCTION
Epidural anesthesia and analgesia have been widely used to maintain intraoperative analgesia, and are also employed for postoperative pain management. Thoracic epidural anesthesia (TEA), although not as common as lumbar epidural anesthesia, has also been used for similar purposes. Medications can be delivered either directly through an epidural needle or by means of an epidural catheter inserted in the epidural space. Thoracic epidural catheterization enables repeated or constant delivery of medications into the epidural space during surgery as well as during the postoperative period [1, 2] . Epidural injection of local anesthetic (LA) with or without opioids is known to provide a better quality of postoperative pain relief compared to the intravenous injection of an opioid [3] [4] [5] [6] .
In addition, epidural anesthesia induces targeted sympathectomy in the anesthetized region, which results in improvements in local microcirculation and splanchnic vasodilatation [7] . TEA can also be applied in upper abdominal and thoracic surgery, and it has demonstrated a protective effect against pulmonary complications [4] . The level of sensory blockade achieved following an epidural injection of LA differs considerably between individuals, and various factors that might affect this distribution remain controversial. Visser et al. [8] suggested that the total volume of LA appears to be the most important factor in determining the levels of sensory, sympathetic, and motor blockade.
In our clinical practice, after the completion of epidural catheterization, 3 ml of LA is usually administered in the form of intermittent epidural injections to maintain intraoperative analgesia. For the administration of intermittent epidural injections, no other studies have suggested an optimal LA volume that could be used effectively with minimal adverse effects. Furthermore, the spread of sensory blockade after epidural injection of a specific dose of LA can be affected by various individual patient factors; however, these factors remain the subject of debate.
According to a study by Yokoyama et al. [9] , epidural spread of contrast medium correlated well with the spread of LA; therefore, epidurography could predict the dermatomal distribution of sensory blockade.
Therefore, the primary endpoint of the present study was to analyze the thoracic epidurography pattern using 3 ml of contrast medium, which is a frequently used volume for intermittent epidural injections. The secondary endpoint of this study was to identify patient characteristics influencing the extent of contrast spread.
MATERIALS AND METHODS

Patients
This study was approved by the Institutional Review Board of our institution. We explained the benefits, risks, and goals of the study to the patients and obtained written informed consent from all patients. Study participants included 75 patients who underwent C-arm-guided thoracic interlaminar epidural catheter insertion from March 2015 to February 2016. Patients who were scheduled to receive elective upper abdominal surgery including esophagectomy, liver lobectomy, laparoscopic gastrectomy, and lung lobectomy underwent thoracic epidural catheter insertion under C-arm guidance one day before elective surgery (Table 1) .
We included patients who had stopped taking anticoagulants for the required time before thoracic epidural catheter insertion. We excluded pregnant patients, as well as those with laboratory findings suggesting infection, inflammation, or coagulopathy; those with allergy to contrast medium or LA; and those with a previous history of spinal surgery at the thoracic or lumbar level.
Five patients were excluded due to refusal to participate in the study. Finally, 70 patients were enrolled, and 70 cases of thoracic epidurography during epidural catheterization were analyzed.
Procedures
All catheter insertions (Arrow International CR, Hradec Králové, Czech Republic) were performed by an interventional pain physician with more than 10 years of experience in image-guided injections. Patients were placed in the prone position and draped in a sterile fashion. Anteroposterior (AP) views were obtained to confirm the T10-11 interlaminar space. After skin infiltration with 1 ml of 1% lidocaine, an 18 G Tuohy needle was inserted toward the paramedian interlaminar site of T10-11 and advanced slowly into the midline using loss of resistance with air under AP fluoroscopic views. When loss of resistance was felt, lateral fluoroscopic views were obtained to confirm that the needle was located within the posterior spinal canal. After checking the final needle position, we confirmed the epidural injection using 0.5 to 1 ml of contrast medium with AP and lateral fluoroscopic images.
Primary endpoint: analysis of thoracic epidurography
In cases of successful epidural injection, an epidural catheter was inserted through the Tuohy needle, and it was directed in the cranial direction. Prior to insertion of the catheter, a small amount of contrast medium was passed through the catheter to verify placement of the catheter tip. When the catheter was curled within the epidural space, it was pulled slightly to straighten it. Before the injection of 3 ml of contrast medium, the final location of the catheter tip was evaluated. An attempt was made to adjust the location of the catheter tip to between T7 and T8. Following the final assessment of the location of the catheter tip, 3 ml of contrast medium was injected through the epidural catheter to assess and evaluate the thoracic epidurography.
The primary goal was determination of the number of spinal segments covered by contrast medium. To evaluate the this, the cranial and caudal ends of spinal segments on the lateral view were examined. However, it was very difficult to examine the pattern of contrast spread to the first to third thoracic vertebrae on the lateral view due to the shoulder joint; therefore, the AP fluoroscopic image was used in such cases.
We assessed the unilateral or bilateral epidural spread by checking the AP fluoroscopic images (Fig. 1A) . In order to evaluate the total number of spinal segments covered by contrast medium more precisely, we created our own set of definite rules to determine which vertebrae should be included in the count. According to these rules, the count included the spinal segments covered by contrast medium for more than half of their vertebral body height on the lateral view, and excluded the segments with the contrast medium spread covering less than half of their vertebral body height (Fig. 1B) . Following completion of the epidural catheterization and epidurography study, patients returned to their hospital room, and the next day, upper abdominal or thoracic surgery was performed under general anesthesia combined with TEA.
Secondary endpoint: correlation factors
We collected patient clinical data including sex, age, body mass index (BMI), weight, and height through review of medical records, and recorded the location of the catheter tip through the analysis of fluoroscopic images.
We attempted to identify any correlation factors that affected the distribution of contrast medium during TEA.
Statistical analysis
As there were no previous data for contrast distribution patterns in TEA, we performed an initial preliminary study to obtain an estimate of the proper sample size. According to our preliminary study, epidural cranial spread was higher than that in the caudal direction. We assumed that the mean difference in spinal segments between the uppermost cranial and lowermost caudal spread would be 5.5. Assuming a mean difference of contrast medium spread between the uppermost cranial and lowermost cau- 
RESULTS
For this study, 70 patients (49 men and 21 women) with a mean age of 61 years were enrolled, and 70 cases of thoracic epidural catheterizations were analyzed. There were no serious adverse events related to the procedure. Included patients underwent surgeries such as laparoscopic gastrectomy, esophagectomy, liver lobectomy, and lung lobectomy. More than half of the patients received liver and lung lobectomies, and 65 patients were diagnosed with cancer ( Table 1) .
The mean number of vertebral segments covered by contrast medium spread was 7.9 ± 2.2 using 3 ml of contrast medium, and the segments were counted in both the cranial and caudal directions. The contrast medium spread in the cranial direction showed more extensive distribution than that in the caudal direction and the difference showed statistical significance (P ＜ 0.01). The uppermost level of cranial spread was T3.1, and the lowermost level of caudal spread was T10.8 ( Table 2, Fig. 2 ). All patients showed even bilateral distribution of contrast medium (Fig. 1A) .
Correlation analysis was performed between various patient characteristics and the extent of contrast medium spread during TEA. The results of the analysis showed that patient height demonstrated a negative correlation with the extent of distribution of constrast medium (r = −0.311, P ＜ 0.05) (Table 3, Fig. 3 ).
DISCUSSION
This study was performed under the assumption that contrast medium distribution during epidurography could predict the dermatomal distribution of sensory blockade. Yokoyama et al. [9] concluded that the spread of contrast medium has a clear correlation with the extent of LA blockade. In addition, according to the study by Kim et al. [10] , the viscosity of the contrast medium has little influence on its epidural spread.
Our study of thoracic epidurography demonstrated that a volume of 3 ml of contrast medium showed a distribution of total contrast spread to a mean of 7.9 ± 2.2 segments. The mean levels of the greatest cranial and caudal spread were T3.1 and T10.8, respectively. It is suggested that a The extent of contrast medium spread showed negative correlation with height. Fig. 3 . Scatter plot showing the negative correlation of height (cm) and the extent of contrast medium spread during thoracic epidurography.
TEA blockade of 10 dermatomes without general anesthesia is required for upper abdominal or thoracic surgery [11] . Therefore, we believe that a sensory blockade of 8 segments encompassing T3 to T10 would be sufficient to maintain intraoperative analgesia for thoracoabdominal surgery in combination with general anesthesia. The contrast medium spread in the cranial direction showed more extensive distribution than that in the caudal direction, with statistical significance. This finding was also observed in an epidurography study of the cervical spine. Regardless of the volume of injected contrast medium, all groups showed more extensive distribution in the cranial direction compared to the caudal direction [12] . According to a study by Huang [13] , cervical epidural anesthesia with 2% lidocaine resulted in reduced lung volumes and capacities due to a paralytic effect on the intercostal muscles and diaphragm innervated by the thoracic intercostal and phrenic nerves, respectively. In addition, these pulmonary functions can show reductions of up to 20% or 30% from the baseline if sensory blockade reaches higher levels of the vertebral column [14] . Considering these respiratory complications for high thoracic and cervical epidural anesthesia, excessive cranial and cervical level distribution of medication should be avoided. Furthermore, excessive neck flexion during high TEA was found to increase cranial spread of contrast medium [15] .
During lumbar epidural anesthesia, insufficient sensory blockade of one leg compared to the other may be observed, although this is infrequent. In such cases, unilateral distribution of the medication may by suspected, either to the right or left side. In the present study, every patient showed even and bilateral distribution of the contrast medium.
Our epidurography study showed that among various clinical variables, patient height showed a weak negative correlation with the extent of contrast medium spread during TEA. It seems logical to suppose that taller patients require more LA to achieve a certain level of blockade compared to shorter patients. In TEA, correlation coefficients ranging from −0.25 to −0.37 have been found between the spread of epidurally injected contrast medium and patient height [9, 16] .
In contrast to the conflicting results regarding lumbar epidural anethesia, the effect of age on epidural spread during TEA showed a strong positive correlation (r = 0.70) [8, 16] . Several mechanisms have been suggested to explain this correlation, including decreased leakage of LA through the intervertebral foramina, compliance of the epidural space, and changes in fatty tissue with increasing age; however, it remains uncertain which of these acts as a true mechanism [8, 16, 17] . We were unable to find any correlation between age and the extent of contrast medium spread in the present study. All patients included in this study were scheduled to undergo upper abdominal or thoracic surgery, in most cases due to the development of cancer. Therefore, the distribution of age range was confined to older ages (52-83 years old). We believe that this biased age distribution accounted for the failure of our study to demonstrate a positive correlation between age and contrast medium distribution.
We were unable to find any correlation between weight or BMI and the exent of contrast medium spread. Few studies have observed a correlation between weight and level of sensory blockade [8] .
It seems apparent that the increased abdominal pressure and increased presence of body fat that follow the development of obesity are not sufficient to affect the spread of epidural blockade. Body weight and BMI demonstrated poor correlations with the amount of posterior epidural fat, while they showed a positive correlation with posterior subcutaneous body fat deposition [8, 18] .
Our study has several limitations. This study was performed under the assumption that contrast medium distribution is equivalent to the distribution of LA. It should be noted that results based on the use of contrast medium may not always coincide with the epidural spread of LA. However, we performed an additional study to evaluate any discrepancies between the spread of contrast medium and that of LA, and the difference between the two was within 1 dermatome. We used a small test dose of contrast medium to confirm that the contrast was in the epidural space, not the intrathecal or vascular space, prior to injection of the main dose of contrast medium. The present study did not include the exact volume of the test dose. We attempted to identify any correlation factors that might affect the distribution of the contrast medium; however, some factors such as age had limited potential to show any correlation due to a biased age distribution.
Future studies enrolling greater numbers of patients with minimally biased distributions of clinical variables are needed.
In summary, thoracic epidurography using 3 ml of contrast medium demonstrated a spread of 8 segments encompassing T3 to T10. We believe that an injection volume of 3 ml would be sufficient for intermittent epidural administration for upper abdominal and thoracic surgery while avoiding excessive upper thoracic and cervical spread. Patient height showed a negative correlation with the extent of the contrast medium spread.
